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1. What is a unit cell? 
A unit cell is the smallest repeat unit of the crystal. 

3. How many unit cells are shown in Figure 8.17b? 
Figure 8.17b is eight unit cells. A yellow sphere is at the center of each unit cell. 

5. What is the Fermi level? 
The Fermi level is the energy of the occupied orbital that has the greatest energy. 

7. What is a band gap? 
The band gap is the energy separation between the valence and conduction bands.  

9. The band structures of a conductor, a semiconductor and an insulator are shown to the right. Identify each. 
A has the largest band gap, so it is the insulator.    B has a partially filled band and is a metallic conductor. 
C is the semiconductor because its band gap is less than that of A. 

11. Gold crystallizes in a face-centered cubic geometry that is 4.08 Å on each side. 
a, Draw a picure showing the face of the unit cell.     See Figure 8.4b in the text.  

What atomic radus of gold is required for this geometry? 

Use Equation 8.1b for fcc unit cells and the given value of a,  
o2a 2 4.08r =  =  = 1.44 A

4 4
×  

b. How many gold atoms are present in the unit cell?   fcc unit cells have 4 atoms.   

c. What is the volume of the unit cell in Å3?          Vcell = a3 = 4.083 = 67.9 Å3    
d. What is the volume occupied by the atoms in the unit cell? 

Volume of one atom = 
 
4
3

πr3 = 4
3

π(1.443 ) = 12.5 Å;    Volume of four atoms = Vatoms = 4 x 12.5 = 50.0 Å 

e. Based on your results to c and d. what is the packing efficiency of the unit cell?  How does this compare with 
the packing efficiency expected for a fcc unit cell? 

PE = 
 

Vatoms
Vcell

 x 100% = 
 
50.0
67.9

 x 100 % = 73.6%, which is the packing efficiency for a fcc unit cell 

13. A compound formed between calcium, titanium, and oxygen crystallizes in the perovskite structure shown in the 
margin. Ca2+ cations (green spheres) reside on the corners of the unit cell, the Ti4+ cation (blue sphere) resides in 
the body center of the cubic cell, and O2- anions (red spheres) reside on each of the cell faces. What is the formula 
of the compound? 

Ca2+ ions reside on the corners:  8 corners x 1/8 Ca2+ / corner  = 1 Ca2+ ion 
Ti2+ ion resides in the body center: 1 body center x 1 Ti2+ / body center  = 1 Ti2+ ion 
O2- ions reside in the face centers:  6 face centers x ½ O2- / face center = 3 O2- ions 
Formula = CaTiO3 

15. Calculate the atomic radius and density of copper if it crystallizes in a fcc unit cell that is 3.61 Å on a side. 

 

;
o o o

2 2 2

-2223 3
-8 3 -23 3

5.11fd 3.61 3.61 26.1A     fd 5.11A 4r;  r 1.28A
4

4 63.5g mol
m 4.22 10 gmol6.02 10d 8.97 g/cm
V (3.61 10 cm) 4.70 10 cm

= + = = = = =

⎛ ⎞⎛ ⎞
⎜ ⎟⎜ ⎟ ×× ⎝ ⎠⎝ ⎠= = = =

× ×

 

17. How does the cesium chloride structure differ from a body-centered-cubic structure? 
In a body-centered-cubic structure, the species in the center is the same as those on the corners.  Cs1+ 
occupies one site, but Cl1- ions occupy the other, so CsCl is not body-centered-cubic.  

19. Use the method employed in Example 8.4 to calculate the packing efficiency of a simple cubic unit cell. 
There is only one atom in a simple cubic unit cell.  Substitute into the PE equation in Example 8.4 

  
PE =

1( 4
3

)π  r3

(2r)3
 x 100% = 4.2

8
 x 100% = 52%  
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21. Consider the structure of CsCl shown in Figure 8.15a. 

a) Along which line (edge, face diagonal, or body diagonal) do the ions touch?  edge 
b) Use the ionic radii in Table 8.3 to determine the edge length of the unit cell. 

a = 2rCat + 2rAn  = 2(rCat + rAn) = 2(1.81 + 1.67) = 6.96 A = 6.96x10-8 cm 

c) What is the volume of the unit cell?  VUC =a3 = (6.96x10-8 cm)3 = 3.37x10-22 cm3 
d) What is the volume occupied by the ions?   

VCat = (4 cations)(4/3π)rCat
3 = (4)(4/3π)(1.81x10-8 cm)3 = 9.93x10-23 cm3 

VAn = (4 anions)(4/3π)rAn
3 = (4)(4/3π)(1.67x10-8 cm)3 = 7.80x10-23 cm3  

VIons =
 VCat + Van = 9.93x10-23 + 7.80x10-23 = 1.77x10-22 cm3 

e) What is the packing efficiency of the unit cell?  How does this packing efficiency compare to that of a simple 
cubic unit cell? 

-23
Ions

-23
UC

V 1.77 10PE = 100% = ×100 = 52.5%       same as a simple cubic unit cell
V 3.37 10

××
×

 

-22 3
Ions

-22 3
UC

V 4.43 10  cmPE = 100% = 100% 68.2%     same as a bcc
V 6.50 10  cm

×× × =
×

 

23. Explain at the molecular level why graphite can be used as a lubricant but diamond cannot. 
The covalent bonds in graphite are in a plane while the planes interact through dispersion forces.  The 
dispersion forces are weak and the planes slide freely over one another making graphite a lubricant.  In 
diamond, the covalent bonding is three-dimensional and there are no weak interactions.  

25. Describe nanotubes and explain why they are important.  How is the structure of a nanotube related to that of 
graphite? 

Nanotubes are cylinders of carbon. Their structure can be viewed as a sheet of graphite that has been rolled 
into a cylinder. They are metallic conductors or semiconductors depending on how the sheet is rolled.  They 
have been used as molecular wires and in the construction of transistors and logic devices.  They are 
important building blocks in the new field of molecular electronics. 

27. What are clays? Why do some clays swell in the presence of water while others do not? 
Clays are also composed of Al, Mg, and/or Fe and Si and O. They are two dimensional layered structures. In 
one type of clay (kaolinite), the layers hydrogen bond, which reduces the space between the layers. Kaolinites 
do not swell because water cannot get between the layers. In smectic clays, the hydrogen bonding sites are 
burried within the layers, so there is no hydrogen bonding between layers. Consequently the layers are farther 
apart and water can get in between the layers, which causes the clay to swell. 

29. Indicate the substance with the higher melting point in each pair. Explain your choice. 

a. CsBr or AlN   
The force of attraction of two ions depends on the product of the charges on the ions.  Therefore, the force of 
attraction between an Al3+ ion and a N3- ion is greater than that between a Cs1+ ion and a Br1- ion. 
Consequently, AlN has the higher melting point. 

b. CaF2 or CS2 

CaF2 is ionic while CS2 is molecular.  Ionic bonds must be broken in order to melt an ionic solid while only 
relatively weak dispersion forces must be overcome to melt CS2.  CaF2 has a much higher melting point.  
CaF2 is a solid at room conditions while CS2 is a liquid. 

c.  H2S or ZnS 

ZnS (zinc blende) is a covalent solid in which covalent bonds must be broken in the melting process.  H2S is a 
molecular substance in which only dispersion forces and weak dipole-dipole forces must be overcome in the 
melting process.  ZnS has a much higher melting point and is a solid at room conditions while H2S is a gas. 

31. Each of the following substances is a solid at room temperature. Indicate whether each is a molecular, metallic, 
ionic, or covalent solid. 

a)  Si covalent solid b)  Ag metallic c) I2 molecular  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [1224.000 792.000]
>> setpagedevice


